Whereas the treatment of minor (Types I and II, nonoperative) and severe (Types IV, V, and VI, operative) AC joint separations is well accepted, the treatment of Type III AC joint separation has remained controversial. Many studies have demonstrated good results with nonoperative management, 3Y9 and most series have failed to document the superiority of either operative or nonoperative management.
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Anatomy
The acromioclavicular (AC) joint is a diathrodial, synovial joint linking the articular surfaces of the acromion and distal clavicle. The AC joint is stabilized by the static ligamentous structures of the acromioclavicular, coracoclavicular, and coracoacromial ligaments. The anterior and posterior acromioclavicular ligaments provide stability in the anteroposterior plane; whereas the more medial coracoclavicular ligaments, consisting of the trapezoid and conoid ligaments, stabilize the AC joint against compression and superior-inferior translation. The deltoid and trapezius muscles, with their confluent fascia, provide dynamic stabilization of the AC joint.
Strength-to-failure testing demonstrated the AC ligament complex to be the strongest and stiffest, followed by the conoid ligament, and lastly by the trapezoid ligament. 17 However, the coracoclavicular ligament complex, which includes both the conoid and trapezoid ligaments, was found to be the primary stabilizer of the AC joint, with the AC ligament complex contributing as a secondary stabilizer. 18 The most common site of failure was the ligament midsubstance, followed by the rupture about the origin, for all three ligaments. 17 
Etiology
Injury of the AC joint is commonly the result of direct or indirect trauma. Direct trauma, far more common than indirect trauma, is thought to occur as a result of impact to the acromion with the humerus in an adducted position, as would occur in a fall from a bike, motorcycle, or during contact sports. Because the clavicle is maintained in its anatomic position by the strong ligamentous framework of the sternoclavicular ligaments and the actions of the trapezius muscle, the acromion and scapula are driven inferiorly, resulting in damage to the ligamentous structures that statically stabilize the AC joint, namely, the AC ligament and capsule and the coracoclavicular ligaments.
Injuries of the AC joint are classified on the basis of physical examination and radiographic findings.
Allman 19 and Tossy et al. 20 first classified these injuries as type I, II, and III. In 1984, Rockwood expanded this classification system by subdividing complete injuries (type III) into types III, IV, and V to better define the subgroups for which operative treatment is less controversial. He subsequently added a rare group type VI (Table 1) . For types I and II AC injuries, conservative treatment has been advocated by most authors with good results. For types IV, V, and VI, the complete dislocation of the AC joint usually necessitates operative treatment. However, treatment remains controversial for type III separations. 21 
Historical Perspective
Given the controversy surrounding the operative treatment of acute AC dislocations, most cases are initially managed nonoperatively. The first reported surgical procedure for internal fixation of an AC dislocation was performed by Cooper in 1861 using silver wire to secure the AC joint. Since then, a wide variety of techniques have been used, including transarticular acromioclavicular pins or screws, 14 51 Additional modifications to this technique have included the use of suture anchors (Mitek GIV), which can be double loaded with #2 Fibrewire sutures and obviates the need for circumferential coracoid fixation. We have also used tissue augmentation with allograft gracilis tendon in revision cases.
m INDICATIONS AND CONTRAINDICATIONS
Patients with AC joint separation typically present after trauma to the shoulder. Physical examination often reveals local swelling, abrasions, or ecchymosis, with focal tenderness and pain with active and passive shoulder motion. Pain is often more severe in types III to VI injuries secondary to soft tissue trauma. In type IV injury, the distal clavicle may be identified posteriorly, whereas superior displacement is apparent in type V injuries. In type VI injury, the normal contour of the clavicle is lost. In revision cases, patients may not have the physical examination findings of acute injuries but present with a surgical scar, cross-body adduction pain, and persistent tenderness at the AC joint. Unless specific radiographs are obtained, evaluation of AC joint separation is often difficult. Because the AC joint anatomy is over-exposed in standard radiographic techniques, one third to one half of the penetration used in standard radiographs is required. An AP view of the AC joints on a single wide film, an axillary view, and a 15-cephalic tilt view is optimal. An AP weighted stress view is of historical significance and is no longer used in our practice. 52 Types I and II AC joint dislocation are generally treated nonoperatively because of their extremely high rate of satisfactory outcome. Conversely, the standard of The benefits of operative repair have been challenged in a number of studies looking at all types of AC joint separation injuries. 12,28,30,55Y57 In a recent metaanalysis of 24 prior studies of nonoperative and different types of operative management of type III AC joint separation, Phillips et al 58 suggested that surgical intervention offered little benefit over immobilization. An obvious weakness of the study was that multiple surgical techniques were included, and they did not take into account that patients treated operatively may have had more severe injuries initially. While one may, therefore, conclude that only the painful Type III AC separations that do not improve with nonoperative treatment should have surgery, another study demonstrated that patients with Type III AC separations with early operative management (G3 weeks after injury) had improved outcomes over those patients treated late. 51 Thus, the treatment of Type III AC separations remains controversial.
The authors' current practice for acute Type III AC separations depends on the patients' age, activity level, arm dominance, and risk factors for surgery. Surgical treatment of AC joint injuries using the techniques described here has been successful in our practice without significant complications.
m PREOPERATIVE PLANNING
Visual inspection of the patient is significant in the diagnosis of an AC injury. A prominent clavicle with the appearance of a sagging shoulder, due to the displaced acromion, is highly suggestive of an AC separation. A complete shoulder examination in addition to appropriate imaging studies is necessary.
Diagnostic studies include plain radiographs of the glenohumeral joint and the AC joint. Anteroposterior radiographs should be taken with the patient standing and a 15-cephalic tilt to avoid superimposing the acromion and distal clavicle. A lateral view is necessary to classify the AC injury. Axillary views reveal posterior displacement of the clavicle and any small intraarticular fractures.
m OPERATIVE TECHNIQUE FOR PRIMARY AC RECONSTRUCTION
The procedure 37, 51 is performed with the patient in the beach-chair position, and regional anesthesia (interscalene block) is used at our institution. A skin incision is made over the superior aspect of the shoulder from just posterior to the AC joint to the coracoid in the direction of the skin lines (Fig. 1A) . The subcutaneous tissue is undermined, exposing the deltotrapezial fascia. The deltotrapezial fascia is then incised, starting at the AC joint and proceeding medially for approximately 5 cm. Because the clavicle has been displaced posteriorly relative to its normal position, this fascial incision will not lie over the middle of the clavicle (as this would incise the trapezial muscle belly), but somewhat anterior to this point (Fig. 1B) . Using an electrocautery and a sharp elevator, the soft tissue flaps are carefully subperiosteally elevated off the distal clavicle both anteriorly and posteriorly. The AC meniscus is usually detached or torn and is excised. In chronic cases and often in acute cases in which there is osteochondral damage to the distal clavicle, a minimal distal clavicle resection (4 to 5 mm of bone) is performed using a microsagittal saw to prevent the later development of degenerative arthritis.
Starting at the AC joint, the anterior deltoid may be split in the direction of its fibers for a distance of 2 to 3 cm. This will afford access to the coracoacromial ligament, which is harvested at its insertion along the anterior aspect and undersurface of the anterior acromion. This ligament is tagged and later transferred to the distal clavicle in chronic cases of AC separation (longer than 3 or 4 weeks after injury) (Fig. 2A) . The anteromedial flap of the deltoid can then be gently retracted to gain access to the coracoid process. For the circumferential coracoid suture technique or when tendon allograft is used, a large curved clamp (eg, the type used in gall bladder surgery) is then passed around the coracoid process, starting medially, proceeding along the inferior surface of the coracoid, and exiting on the lateral aspect of the coracoid process. Great care is taken to remain immediately adjacent to the coracoid because the brachial plexus and axillary vessels are nearby. Two or three #5 nonabsorbable sutures are then passed around the coracoid, using this clamp to accomplish subcoracoid fixation of the clavicle. For the suture anchor fixation technique, the Mitek GIV anchor is used. Sutures from the anchor are removed and replaced with #2 Fibrewire sutures through the anchor eyelet. The drill hole into the coracoid for the anchor should be placed at the base of the coracoid where the strongest bone exists, not at its tip. This will prevent stray anchor placement.
Two small drill holes, spaced 1 cm apart, are placed in the middle of the clavicle at a point directly over the coracoid process. The ends of each of the sutures are then passed through these 2 holes.
Next, the distal clavicle is slightly over-reduced by pushing directly down on the clavicle and also by pushing upward on the elbow while the sutures are snugly tied. Passing sutures through the clavicle in this manner, rather than simply passing them around the clavicle, prevents excessive anterior translation of the distal clavicle and eliminates concerns about transection of the clavicle from bone erosion by the sutures. The coracoacromial ligament, which has been harvested earlier (maintaining as much length as possible), is then transferred to the distal clavicle and secured using #2 nonabsorbable sutures passed through drill holes in the superior aspect of the distal clavicle (Fig. 2B) . The deltotrapezial flaps are then carefully imbricated to add further stability, and the skin is closed with a continuous subcuticular suture.
m OPERATIVE TECHNIQUE FOR REVISION OF AC RECONSTRUCTION
Preparation and dissection of the patient proceeds similarly to the primary technique. However, special attention is given to any hardware or scar tissue that may have caused the previous operation to fail. After removing any fibrous bursal tissue and preexisting hardware, the coracoclavicular reconstruction can begin. Any remaining coracoacromial ligamentous scar tissue should be dissected free down the base of the coracoid and tagged for later repair. Similar to the primary operative technique, a drill hole is made in the middle of the clavicle directly over the coracoid process (Fig. 3) . The base of the coracoid is then dissected, and three #5 Tevdek are passed around the base of the coracoid from medial to lateral and tagged for later reconstruction (Fig. 4) . A gracilis tendon allograft is then secured at either end with #5 Tevdek sutures in the Krakow fashion. The allograft is then put through the medial clavicular drill hole and looped around the base of the coracoid up through the lateral drill hole (Fig. 5) . The lateral end of the allograft is then inserted through the medial hole again and around the coracoid again to form a double loop around the coracoid process base. The three #5 Tevdek sutures placed around the base of the coracoid FIGURE 2. A, A small amount of distal clavicle (less than 5 mm) is usually excised using the microsagittal saw. In chronic cases, the coracoacromial ligament is then harvested for transfer to the distal end of the clavicle (inset). B, Subcoracoid fixation using several #5 braided nonabsorbable sutures (eg, Tevdek). The coracoacromial ligament is then transferred to the distal clavicle and repaired through drill holes in the clavicle using #2 nonabsorbable braided sutures. The deltoid split and deltotrapezial fascia are repaired with #1 braided nonabsorbable sutures (inset).
Techniques in Shoulder and Elbow Surgery are also placed through these drill holes (Fig. 6) . Next, the distal clavicle is slightly over-reduced by pushing directly down on it and also by pushing upward on the elbow while the three #5 Tevdek sutures are snugly tied prior to tying the allograft sutures.
The remaining scar tissue from the previously existing coracoacromial ligaments is split to the midline. The ligaments are attached to the distal clavicle through 2 drill holes and tied over the top with non-absorbable sutures (Fig. 7) . The final step entails bunching together the allograft with #1 Vicryl sutures, which add further tension and decrease the likelihood of loosening or slippage of the loop over the coracoid tip (Fig. 8 ).
The deltotrapezial fascia is then closed using interrupted #0 Tevdek sutures. The subcutaneous tissue is closed using interrupted #3-0 Biosyn stitches. The skin is closed using a running subcuticular #4-0 Biosyn stitch. 
COMPLICATIONS
Complications that have been reported with acromioclavicular fixation include anchor loosening, migration, or breakage. Bony erosion of the clavicle or coracoid have also been reported with heavy synthetic material (such as Dacron arterial graft). 46, 59 Subtle superior displacement of the distal clavicle in the postoperative period can also occur and does not usually lead to symptoms. However, we have used a conservative postoperative rehabilitation protocol that has been successful in avoiding late displacement. These complications can typically be avoided by adhering to the described surgical principles and postoperative rehabilitation protocol.
m POSTOPERATIVE MANAGEMENT
Postoperatively, the shoulder is immobilized in a sling for 6 weeks. We have found that the shoulder does not tend to become stiff using this protocol because the glenohumeral joint is not involved. Furthermore, range of motion that has begun too early following fixation can lead to subtle displacement of the acromioclavicular reduction. Active range of motion exercises are begun at 6 weeks. Resistive exercises are added 12 weeks after surgery. Patients are advised to avoid high-demand or contact activities for at least 6 to 9 months after surgery.
m RESULTS
There remains a significant rate of failure of AC joint separations treated operatively. After their original report, Weaver et al estimated a 10% pullout rate of the transferred CA ligament. 60 In 1998, Rockwood et al reported 19 out of 23 good to excellent results (82.6%) in complete and chronic dislocation injuries. 61 Overall we reported 89% satisfactory (good to excellent) results using the technique described. Interestingly, those treated acutely (within 3 weeks of injury) had a statistically significant higher satisfactory rate (96%) than those treated chronically (77%) in primary repairs.
Other operative procedures have not fared better for primary repairs. Although distinction was not made between types, Sundaram et al in 1992 had a 77% excellent or good result in acute AC joint dislocations treated with a modified Bosworth technique. 63 The Bosworth technique presents additional complications of screw breakage and need for hardware removal and is, therefore, not preferred in our practice.
m ILLUSTRATIVE CASES Case 1
A 43-year-old right-hand dominant man who is an avid cyclist was cycling and collided with another vehicle that had gone through a stop sign. He landed on his right shoulder and presented with shoulder pain and a prominent distal clavicle. Radiographs revealed a Type III AC separation (Fig. 9) . The patient elected surgical treatment and underwent primary acromioclavicular reconstruction using the modified Weaver-Dunn technique. A Mitek GIV anchor was used for coracoclavicular fixation, and was double loaded with #2 Fibrewire sutures. At 7 month follow-up, he had no pain, a full range of motion of the shoulder, and was back to competitive cycling. Radiographs demonstrated no change in acromioclavicular position (Fig. 10) .
Case 2
A 39-year-old left-hand dominant male sustained a left shoulder injury after falling from a cherry-picking Techniques in Shoulder and Elbow Surgery machine a year prior to presentation. He was treated initially at an another hospital for a head injury and a left sided brachial plexus injury, which subsequently resolved. He was subsequently referred to an orthopedist, and a type V left AC separation was diagnosed (Fig. 11) .
The patient underwent open distal clavicle excision with Weaver-Dunn reconstruction 5 months after his injury. Subsequent to this, the reconstruction failed, and the patient underwent a second procedure consisting of revision of the reconstruction and placement of a Bosworth screw 3 months later.
The patient continued to complain of shoulder pain and was found to have displacement of the Bosworth screw out of the coracoid process and persistent acromioclavicular dislocation. At this point, the patient was referred for evaluation and operative management. His physical examination was remarkable for significant pain over the AC joint, limited range of motion, and crepitus to forward elevation.
AP, cephalic tilt clavicle, and scapular Y-view Xrays confirmed recurrent AC separation and displacement of the Bosworth screw. He was taken to the operating room for removal of hardware and revision of the AC joint reconstruction. The Modified WeaverDunn technique with gracilis allograft augmentation was used. At 3.5 years follow-up, he had no shoulder pain and reported significant improvement in function. Postoperative radiographs demonstrated maintenance of reduction at the AC joint (Fig. 12) .
m SUMMARY
Nonoperative treatment is the standard of care for the treatment of Type I and II acromioclavicular separations. Types IV, V, and VI are typically treated with acromioclavicular reconstruction. For Type III injuries, management is controversial. While both operative and nonoperative treatments are reasonable alternatives, the authors currently recommend primary surgical recon- struction in the dominant arm of high-level athletes. Surgical treatment is also recommended when nonoperative treatment fails or in revision situations. Modified WeaverDunn reconstruction, with or without tendon graft, is the authors' preferred technique.
